Dissolved organic matter (DOM) represents one of the most mobile and reactive organic compounds in an ecosystem and plays an important role in the fate and transport of soil organic pollutants, nutrient cycling and more importantly global climate change. Advances in environment geochemistry in the past two decades have improved our knowledge about the genesis, composition, and structure of DOM, and its effect on the environment. Application of analytical technology, for example UV-visible spectroscopy (UV-Vis), Fourier transform infrared spectroscopy (FTIR), Nuclear magnetic resonance (NMR) spectroscopy, and three-dimensional fluorescence spectroscopy (3D-EEM) have resulted in these advances. At present, crop straw, as a part of energy development strategy, is mainly used for soil amendment, fodder, fertilizer and industrial materials. Moreover, the fermentation and decomposition of straw should be also promoted for ecological agriculture. However, few studies have focused on the structural properties of DOM derived from crop straw in farmland soil. In this article, DOM derived from crop straw, which is abbreviated to "CDOM", presents active physicochemical properties that can affect the migration and bioavailability of organic contaminants (OCs) in terrestrial ecosystems. The objectives of this review paper are: (i) to discuss the structural characteristics, analytical techniques and interactions between CDOM and OCs in farmland soil; (ii) to present a critical analysis of the impact of CDOM on the physicochemical transformation and transport of OCs in farmland soils; (iii) to provide the perspectives in future research. Therefore, the findings obtained from this study can be utilized to evaluate the relations of interactions between CDOM and OCs in agricultural soils, in order to support some suggestions for future development in agricultural waste recycling, buffering of organic pollution, and the effect on the global carbon cycle.
Introduction
With economic and social development, organic pollution in soils has become a common environmental issue. 1 The organic contaminants (OCs), originating from sewage irrigation, animal manure, pesticide application, atmospheric deposition and waste dumping, have entered into farmland soils, and participated in different natural geochemical and biological processes. [2] [3] [4] The source, composition and structure of dissolved organic matter (DOM) with the molecular weight distributed widely are very complex. 5 DOM is an organic polymer mixture, and widely exists in soil, sediment, aerosol, and natural water bodies.
6 DOM is conventionally dened as any organic material that passes through a given lter (0.45 mm), termed "dissolved" and the organic material that is retained on the lters is termed "particulate". 7, 8 Among the organic substances in DOM, which can pass through lters, are fulvic acid, humic acid, carbohydrates, sugars, amino acids, proteins, lipids, organic acids, phenols, alcohols, acetylated amino sugars. Most of its composition is bioavailable and can be easily absorbed and utilized by soil microorganisms.
9,10 DOM plays dominant role in the global circulation, speciation, toxicity, transfer and transformation of OCs. 11, 12 Signicantly, DOM derived from crop straw, which is abbreviated to "CDOM", presents active physicochemical properties that can affect the migration of OCs and bioavailability of OCs in terrestrial ecosystems. 13 Through various interactions (van der Waals forces, hydrophobic interactions, and electron donor-acceptor), DOM binds OCs and affects the bioavailability of freely dissolved and bound OCs. DOM-sorbed pollutants normally have lower bioavailability compared to the pollutants freely dissolved in aqueous phase. Published research documented the importance of DOM in sorbing OCs and inhibiting their bioavailability. The inhibiting of bioavailability can result in a decrease biodegradation of OCs.
14 Meanwhile, previous studies have shown that contaminant toxicity to target organisms is altered by the presence of DOM. Contaminants can bind to DOM and this may alter the bioavailability and subsequent toxicity of the contaminants. 15 Perminova et al. 16 found the toxicity of PAHs to Daphnia magna was alleviated by humic acids (HA) and fulvic acids (FA). Yang et al. 17 also proved that phenanthrene would be adsorbed preferentially by aromatic carbon rich lignin than paraffinic carbon rich wax, thus lowering its bioavailability. However, several reports showed that the presence of DOM would also increase the bioavailability of OCs. 18 Lin et al. 19 found that DOM promoted the bioavailability of pyrene when the freely dissolved concentration of pyrene was kept constant. Also, as suggested by Cai et al., 20 DOM enhanced the bioavailability of phenanthrene by facilitating the microbial accessed to DOMphenanthrene complex. The enhancement of polyferric aluminum sulfate (PFAS) bioaccumulation by Daphnia magna aer addition of DOM at a low level was also found by Xia et al. 21 Therefore, DOM is a key component of the global carbon cycle and it is considered as the most active chemical group in terrestrial and aquatic ecosystems with its contribution of natural ligands and adsorption carriers in the environment.
7,22
The content of DOM (less than 0.5% of soils organic carbon (SOC)) in soil was generally relatively low, but it was one of the most active components in the soil ecological environment, it also may most rapidly reect changes in the condition of a soil. 23 As the organic fertilizer application and direct straw returning are widely used measures for farmland soil improvement in agricultural country, a mass of exogenous DOM are being taken into farmland leading to an increase in DOM content of farmland soil. 24, 25 According to relevant report, the content of DOM always in a dynamic process. Kalbitz et al. 26 contend that content of DOM was effected by four factors: (i) properties of soil solid phases (ii) environmental factors (iii) chemical properties of soil solutions (iv) decomposition and transformation of DOM. However, the content of DOM in soil differs in one soil type from another. Also, the type of straws and pretreatment methods make difference. Nowadays, more and more OCs is being poured into farmland soil due to agricultural activities such as fertilization, sewage irrigation, and land application of sludge.
27,28 DOM has a number of important ecological functions. For instance, DOM binds to a variety of heterogeneous organic substances or OCs to modify their behaviors in soils. 29, 30 Also, DOM mitigated the effect of OCs by reducing their free concentrations and consequently accumulation by organisms. 31, 32 Thus, DOM plays important roles in many chemical and biological processes in soils.
33
To date, most studies have focused on the inuence of DOM on toxicity of hydrophobic organic chemicals in aquatic organisms. 34 However, more researches need to be done on the release of DOM from the decomposition process of crop straw and the biochemical effect of CDOM on OCs availability. The objectives of this review paper are: (1) to discuss the structural characteristics, analytical techniques and interactions between CDOM and OCs in soil; (2) to present a critical analysis of the impact of CDOM on the physicochemical transformation and transport of OCs in soils; (3) to evaluate the changes in toxicity of OCs caused by CDOM; (4) to summarize the research achievements at present and to provide the perspectives in future research. Ultimately, it improves our understanding of OCs transfer within the farmland soil system, and provide information for strategy that reduces the environmental risks of the OCs to crop production.
2 Sources and structure of DOM in farmland soil
Sources of DOM in farmland soil
It is generally known that DOM is a mixture composed of various compounds, and each component is greatly different in organic carbon content, molecular weight distribution, and functional groups. 35 The structures and chemical reactivities of DOM can vary in space and time, depending in large part on the source materials and subsequent degradation, transformation, and/or mixing processes. 36 External sources of DOM in farmland soil are mostly supplied from the surrounding soils which are covered with a wide array of organic source materials. These terrestrial sources are likely to contain plant debris, detritus, living organisms, algae and straw. 37 Moreover, the different sources of DOM inevitably affect its distribution characteristics and structural properties, degradation process and interaction with soil components, which ultimately affected the biogeochemical processes of DOM in farmland soil. [38] [39] [40] Similarly, in the latest studies, Martin et al. 41 studied the sorption affinities of 4 pharmaceuticals applied in solute mixtures to soils taken from different horizons of 3 soil types. This experiment revealed that the content of organic matter would be different for various types of soil. Moreover, the sorption of OCs in soil may be affected by the different of DOM content and characteristic. Bi et al. 42 reported that the DOM derived from different sources enhanced the uptake of OCs by soil compared with the control treatment. In the case of the OCs, sorption affinity of compounds decreased with soil depth, i.e. decreased with soil organic matter content. The forms of contaminants may also be affected. Badejo et al. 43 found that lead isotopic composition (Pb-206/Pb-207 ratios) depends on soil organic matter content either fresh/poorly humied or humied and effect its degradation process. Thus, for more information of DOM contents, it can take correct precautions and measures to contaminants.
At present, there are vast numbers of crop straws in China, which have many types and are widely distributed. 44 Research into the utilization of crop straws has increased in recent years due to its renewability, widespread availability, and its potential value that can be added by the generation of straws-based products.
45
Climatically, the Western Sichuan Plain is a subtropical humid monsoon zone. 46 The plain has been continuously managed, reconstructed and expanded, the land utilization rate has reached more than 60%, and has become the main agricultural production base in China. 47 The Western Sichuan Plain is the main producing area of wheat-rice, canolarice two cropping, from the principle of minimum dynamical soil, reducing soil exposed on the basis of conservation tillage and achieving the goal of covering the surface with the rice and wheat. 48 In present, a series of reviews were conducted to introduce the dynamic properties of CDOM decomposition in farmland soils. Recent studies have shown that DOM from three types of straw (barley, rice, and wheat) and natural organic matter (NOM) isolates were investigated in terms of their photochemical properties and reactive oxygen species (ROS) generating abilities. Results demonstrated that the DOM derived from the aeration decomposition of barley straw yielded the best formation efficiencies of hydrogen peroxide (H 2 O 2 ) and hydroxyl radicals ($OH) under solar-simulated irradiation in all organic matter samples. So, the characteristics of DOM released from the decomposing process of different straws may also differs. 49 Although DOM are from the same source, the results of the present study demonstrate that chemical characteristics of fresh DOM and degraded DOM which both were extracted from the straw of maize, they are greatly diverse in components, functional group species, molecular weight distribution, etc.
50,51
Hence, understanding the characteristics and role of the CDOM is important for facilitating the potential application in agricultural environments. 45 
Structure of CDOM in farmland soil
CDOM is one of the most active compositions in soils, which can affect the transport and decay of soil pollutants, and the availability of soil nutrients (C, N, P, S, etc.). 52 CDOM comprises a huge variety of organic substances including chromatographically unidentiable humic substances and chromatographically identiable biomolecules such as carbohydrates, amino acids, fatty acids, etc.
53,54
Humic substances (HS), such as humic and fulvic acids, are conventionally dened as heterogeneous organic materials extracted at alkaline pH and, according to the recent concept regarding soil organic matter (SOM), represent aggregates of small molecules with common properties, such as high aromaticity reecting an excess of phenol groups.
55 Non-humic substances mainly derive from animals, plants, microorganisms and their residues, in the forms of sugars, amino acids, proteins, lignin and organic acids.
56 Humic acids are the major extractable component of soil humic substances and are the primary organic compounds of soil. The molecular size of humic acids range from approximately 10 000 Da to 100 000 Da, about 35% of the humic acid molecules are aromatic, while the remaining components are in the form of aliphatic molecules. Fulvic acids are a mixture of weak aliphatic and aromatic organic acids, the size of fulvic acids are smaller than humic acids, with the molecular weights range from approximately 1000 Da to 10 000 Da.
57
As early as 1976, the researchers took the lead in adopting XAD resin tandem anion and cation exchange resins to divide DOM into six components: hydrophobic base (HOB), hydrophobic neutrals (HON), and hydrophobic acid (HOA), hydrophilic acid (HIA), hydrophilic base (HIB), and hydrophilic neutrals (HIN). [58] [59] [60] This report intends to enrich the hydrophobic, neutral, and hydrophilic components of CDOM by XAD-8/XAD-4 resin, most traditionally based on the hydrophilicity and acidity of CDOM components. According to one study the hydrophobic fraction consists of soluble degradation products of lignin; it is enriched in structural ortho-hydroxybenzene fragments, which ensure its selective sorption and strong retention, but the hydrophilic fraction composes the major portion of labile DOM in soils. 61 Thus, soil CDOM containing a great deal of lower molecular weight fractions or hydrophilic fractions is more mobile and readily biodegradable, compared to CDOM with larger molecular weight or hydrophobic fractions.
It is widely recognized that the humic substances (HS) in soils and sediments is the principal factor controlling sorption of organic compounds. Moreover, it has been established that the organic carbon-normalized partition coefficient (K oc ) is a critical factor in determining hydrophobic organic chemical distributions in most systems. The variation in quality of the HS strongly affects the transport of toxic organics (K oc ).
62 For example, Chefetz et al. 63 showed that the polarity and aromatic component of the natural organic matter inuence the binding of polycyclic aromatic hydrocarbons (PAHs). The sorption of naphthalene increased with increasing aromaticity and decreasing polarity of soil organic matter. A strong correlation was observed between K oc for pyrene and the molecular weights, molar absorptivities at 280 nm, an aromaticity of the HS. Panagiotopoulos et al. 64 investigated the relations between log K oc and absorptivity, H/O ratio, and the concentration of phenolic group of the dissolved organic matter surrogates. The (bio) degradation of soil DOM does not necessarily rely upon the molecular weights distribution. Previous studies on DOM from forest soil organic horizons showed that both the highest (>100 000) and lowest (<1000) molecular weight organic fractions can be (bio)degradable. Thus, the majority of DOM compounds in soil solution are usually shied towards lower molecular weight (<100 000 size range) as a result of the degradation of initial litter organic matter under oxidised conditions. In soils, several organic compounds formed during the decomposition of SOM or lysis of microbial cells can sorb onto functional sites of mineral surfaces (Fe(III) and Mn(IV) oxyhydroxides and clays) or coprecipitate with newly formed secondary minerals. In particular, DOM enriched with aromatic moieties or hydrophobic carbon moieties (i.e. alkyl chains) was reported to be preferentially bound to mineral surfaces. 65 Thus, CDOM can not only serve as an important source of energy for microbial growth and reproduction, but can also regulate the environmental behavior of pollutants in soil, such as their solubility, migration and transformations.
Effecting factors of the content and nature of CDOM
The change of DOM contents is affected by many factors, for example, anthropogenic and natural factors and so on. Especially DOM is a balanced dynamically with complex process in farmland soil. DOC would be affected by straw mulching, organic and inorganic fertilizer, etc. Chang et al. 67 had been demonstrated in their experiments. In moisture soil, green manures and soils were sampled in situ at the ploughed stage of green manures. A 56 day laboratory incubation experiment was conducted to simulate the dynamic changes of soil DOM inuenced by the decomposition of green manures, the composition and ultraviolet-visible spectrum parameters of soil DOM were investigated at different incubation stages.
68,69
Results showed that green manures could increase the dissolved organic carbon (DOC), the total organic acids (TOAs) and total carbohydrate (TCs) contents, and all treatments were reached a peak on the 1st day and decreased later. Meanwhile, green manures could increase the contents of DOM and its aromaticity, hydrophobic percentage, humication degree and average molecular weight, and could be increased and the stability of DOM could be enhanced accordingly. 67 The content of DOM also can be affected by different pretreatment methods. Chen et al. 70 understand as to how pre-treatment of a soil will affect the characteristics of DOM, since this fraction may be strongly inuenced by a soil's water content. The effect of two different pre-treatments on DOM from the A-horizons of a large variety of ecosystems and regions were compared. And it analyses quantity and spectroscopic properties of soil DOM. The results show that DOM extracted from soils is not comparable. So, the content of DOM always in a dynamic process. Soil moisture is another important factor affecting on DOM. there were a lot of discussions the change of DOM contents in wetting-drying soil. 71 All the above results are in correspondence with theoretic analysis that DOM contents signicantly increased with greater soil moisture. Some researchers show that the concentration of DOC in soil solution was signicantly increased at the initial stage of ooding. The depth of soil can also effect content of CDOM. On the vertical direction, CDOM showed a decreasing trend with the increase of soil depth. 72 In addition, it contents changed with the seasons, in order of spring > summer > autumn > winter. The CDOM contents in horizontal direction, the moisture content, pH, and soil microorganism affected the humidication and mineralization processes of organic matter, which further affected the variation of DOM structure. 73 The structure of CDOM affect not only the interaction of CDOM and OCs directly but also the features of soil surface, which may eventually result in the alteration of OCs activity in soil.
Analytical techniques on the properties of CDOM
In the past two decades, analytical tools for determining DOM chemistry have signicantly advanced from bulk chemical characterization by elemental analysis to simple molecular-level approaches represented by e.g. UV-visible spectroscopy (UV-Vis), three-dimensional uorescence spectroscopy (3D-EEM) and Fourier transform infrared spectroscopy (FTIR), as shown in Fig. 1 . [74] [75] [76] [77] [78] These rapid and relatively inexpensive techniques are widely used to obtain information on sources, composition and sometimes reactivity of DOM, so it is in CDOM. Also, mass spectrometry (MS) and nuclear magnetic resonance (NMR) spectroscopy can be used to provide useful information on DOM chemistry (Table 1) .
79-82

Elemental analysis
Element analysis is one of the most common methods to record DOM structures. There are some researches who have reported a characterization study of soil-derived DOM across the Three Gorges Reservoir (TGR, China), using elemental and optical analysis, infrared spectroscopy. 83 With elemental analysis, basic information on the nature of DOM also can be obtained through simple molar ratios.
84 For instance, C/H can indicate the degree of unsaturation and aromaticity of DOM, while O/C or (N + O)/C indicates the polarity of the DOM. 85 The results show that the soil DOM from the TGR area is a mixture of "allochthonous" (i.e., plant-derived/terrigenous) and "autochthonous" (i.e., microbial) origins. The terrigenous DOM is composed primarily of phenolic and aliphatic structures from lignin and aliphatic biopolymers (i.e. cutin, suberin), respectively. 83 Recent research shows that fractionation of DOM from farmland soils was conducted by using XAD-8 resin into HOA, and HON, and their structural characteristics were studied by means of elemental composition, FTIR and 1 H-NMR spectroscopy. 86, 87 Separated by this technique, the major portion of the DOM mainly characterized HON, while the HOA fraction contained a large amount of carboxyl groups but fewer aromatic groups with a higher quantity of carbohydrates compared to that of fulvic acid (FA). 88 
UV-Vis and FT-IR spectroscopies
UV-Vis spectra reect the characteristics of DOM in terms of aromatic compounds and conjugated systems. Combining DOM characterized by UV-Vis spectroscopic indices and elemental analysis is useful to distinguish DOM straw sources. 89 Single spectral technology cannot comprehensively reveal structural features and sources of DOM, therefore, in some studies UV-Vis and the 3D-EEM spectroscopy were applied to investigate the structure and origin of DOM from soils. 90 It can serve to provide a theoretical basis for the further study of the DOM's effect on the migration and transformation of OCs.
FT-IR spectroscopies can contribute to DOM along the soil depth prole to better understand elemental compositions.
91
Though FT-IR, UV-Vis and uorescence spectra results suggested that DOM from the upper horizons was enriched with aromatic and humic structures while that was rich in aliphatic carbon, which supported the obtained by spectroscopic characteristics of DOM from the lower horizons. 42 Choi et al. 92 investigated DOM in moist acidic tussock tundra to better understand elemental compositions, in this study, the soil extracts were analyzed using a 15 tesla FT-IR spectrometer in positive and negative ion modes via electrospray ionization. The results of this analysis revealed that the deeper organic soil exhibits less CHON class and more aromatic class compounds compared to the surface organic soils, thus implying that the deeper soil has decomposed more and consequently possessed the recalcitrant materials. 93 Recent research, the fractional composition of DOM and the chemical nature of humic and fulvic acids were studied in lysimetric waters from forest soils of different altitudinal zones in the Sikhote Alin Range.
94,95
The elemental composition, infrared absorption spectra, concentrations of acid functional groups of humic and fulvic acids were determined. The soils of high-mountain zones had stronger acidic properties of humic and fulvic acids in comparison with the soils of low-mountain zones. 96 Moreover, infrared spectroscopy can provide functional information of DOM, and inform on the composition of each functional group in the dynamic change of DOM.
Three-dimensional uorescence spectroscopy (3D-EEM)
3D-EEM can show the distribution of DOM in unsaturated structure and different types of uorescent materials humic and fulvic acids uorescence are mainly attributed to carboxyl, phenolic hydroxyl or carbonyl groups. 97 EEM Fig. 1 Technology roadmap of interactions with organic contaminants of DOM derived from crop straw. The upstream DOM was mostly composed of one component that had a fulvic acidlike substance whereas downstream DOM was composed of two components with mixtures of tryptophan-like and fulvic acid-like substances.
100
Also 3D-EEM can be used to analyze the interaction between DOM and OCs. By using the 3D-EEM technology, together with the uorescence regional integration (FRI) quantitative method, the long-term effects of pesticide residues under low concentration of natural DOM were analyzed. These results suggest that the distribution of different types of pesticide residue in the soil was inuenced by different components at different levels of signicance. Moreover, the humication degree of soil organic matter was an effect of DOM on the pesticide residues in the soil. 
Nuclear magnetic resonance (NMR)
13 C-NMR spectroscopy can provide important ngerprint information for the characterization of DOM structures, such as the relative content of various types of carbon (aliphatic, aromatic, carboxyl, carbonyl, amine, etc.). 7, 102 Researchers have studied the direct conversion of DOM from the aromatic compounds and unsaturated structures to carboxylation and hydroxylation products by using a ow-based design NMR spectroscopy and direct sunlight interface. 103 The phenols, carbonyls and carboxylic acids can enhance the interaction of DOM and organic contaminants, which further regulated the migration and transfer processes of contaminants in farmland soils. 104 For instance, a recent study was conducted to understand the inuence of dibutyl phthalate (DBP) adsorption kinetics and isotherms in soils under different concentrations of extraneous DOM, by using FTIR and NMR. The NMR indicated that the intra-molecular and intermolecular hydrogen bond interactions of carboxylic acids, aromatic CC and CO in amides were involved in DBP adsorption in soils. Therefore, the addition of DOM may increase adsorption of DBP in soils. 101 Also, NMR spectroscopy can be used to evaluate the aromatic compounds and their degradation products in samples inu-enced by OCs and its biodegradation. 105 It can make us to enable a comprehensive level understanding of the DOM with respect to in composition and structure. The role of natural DOM as potential cosubstrate and detoxication reactant may improve future remediation strategies.
Each of the above indicators, conrm and complement each other. The integration of multivariate information can be more useful for accurately understanding the nature of crop straw and its decomposition process DOM. This can not only correlate the changes in the composition of soil organic matter, but help to understand the source of straw provides the basis for the mechanism of interaction between DOM and OCs.
Interaction between CDOM-soilOCs
Benets of DOM on soils
The availability of crop straw in agriculture is very important for the sustainability of biomass supply. Returning crop straws to elds can improve the soil quality by increasing the soil CDOM content, enhancing the microbial activities as well as their enzymes production, and improving the soil texture. 24 Due to the restitution of crop residues and the application of organic fertilizer during the cultivation process, the exogenous CDOM can augment its concentrations in agricultural soil.
106-108 SOM content and composition affect both soil structure and adsorption properties; so, water retention may be affected by changes in soil organic matter. 107 Thus, CDOM is widespread in natural environments where it has an important role in determining the balance and long-term accumulation of element content (carbon, nitrogen, and phosphorus) in soil.
109 Incorporation of organic matter had been put into practice as soil amendment in protect the soil from solar energy to reduce evaporation and aid in moisture retention to decrease soil water loss. Several studies conclude that soil moisture, rather than temperature, has the most signicant inuence on soil organic matter. Moreover, soil organic matter had been applied as an important factor to predict soil water retention characteristics. Rusan et al. 110 were conrmed the function organic matter incorporation into soil continuously in improving soil water retention and plant growth environment. Conversely, soil capacity as well as the crop productivity directly depends on soil degradation and pollution, which determine effecting of soil organic matter and biological diversity.
Interaction mechanism of CDOM-soil-OCs
At present, some researches on the interactions of DOM-OCs are mainly concentrated in the environmental medium of humic substances DOM as soil, lakes, rivers, wastewater, etc.
111-114 With regard to the mechanism of DOM binding between OCs in farmland soil, DOM is considered to be one of the most important components due to its active physicochemical properties. There have been many theories and empirical studies in this eld.
115 So far there are many mechanisms for the combination of DOM and OCs, and the same would be true of CDOM. It mainly includes hydrogen bonding, ligand exchange, hydrophobic particle distribution, covalent bonding, chelation, p bond interaction, and electron transfer. [116] [117] [118] In the process of combining OCs with CDOM components and a variety of mechanisms coexist, oen associated with the soil environment and the property of organic compounds.
119
The contents of organic matter in different crops were different so that the contribution of the decomposition process to CDOM of soil must be different. 120 Wei et al. 121 studied that crop straw decomposition process can be divided into three stages: (1) leaching release where the soluble components in the crop straws are rapidly leached into the soil by irrigation and rain erosion; (2) the degradation of N and P materials is easy to be degraded; (3) organic matter degradation with mainly polysaccharides, lignin, dense kink of lipids and so on as which are the main released matters, also the persistent cellulose, hemicellulose and macromolecular protein were decomposed. In the case of crop straw aer leaching, the elemental distribution and chemical properties of the CDOM released by the decay process are still in a dynamic state. 122 As the properties of soil component are closely related to the environmental behavior of OCs, the CDOM will have an important effect on the migration behavior of OCs in farmland soil, as shown in Fig. 2(a) .
The migration process of OCs in farmland soil is likely to be involved in the process and mechanisms of CDOM, such as the one shown in the Fig. 2 . CDOM contains a large number of oxygen functional groups, of which hydroxyl, can combine with groups on organic molecules to form H bonds.
123 The Hbonding plays an important role in the adsorption of several non-ionic polar pesticides, such as 2,4-D, 2,4,5-T and dicamba, H-bonding also can be formed between -COOH, -COOR groups and organic matter, so as to control the OCs in the soil. 124, 125 As shown in Fig. 2(b) , recent studies further reported that CDOM can form complexes with OCs or promote OCs migration in the soil by competing with the adsorption sites of soil particles.
126,127
It can also enhance the adsorption capacity of OCs by coadsorption or cumulative adsorption. 128 The so-called coadsorption is OCs being preferentially adsorbed to one or more components of the CDOM leading to the formation of complexes and CDOM at the same time adsorbed to the soil particles. And cumulative adsorption means that one or more components of CDOM are preferentially adsorbed by soil particles and the adsorption capacity of soil particles to certain OCs is enhanced with the increase of DOM adsorption capacity. 129 Some researchers proposed the hydrophobic, neutral and hydrophilic components in CDOM by XAD-8/XAD-4 resin extraction and separation to study their effects on the migration behavior of OCs in soils, as shown in Fig. 2(c) .
130,131
These results indicated that the higher proportion of hydrophobic alkyl carbon and aromatic carbon in plant residues, the less biodegradable, and the higher proportion of hydrophilic polysaccharides, the more easily degraded, usually completed in a few months.
132
Nowadays, an extensive effort has been devoted to understanding sorptive interactions between HOCs and natural DOM, particularly, the structure-activity correlations. Many studies reported that sorption of apolar HOCs (e.g., polycyclic aromatic hydrocarbons/PAHs, halogenated compounds, etc.) to DOM positively correlated to its aromaticity, which was attributed to the facilitated van der Waals (dispersion) and/or p-p interactions in sorption. 133, 134 The strong binding of apolar HOCs to DOM is oen attributed to the abundance of aromatic moieties, which have relatively high electronic polarizability and hence facilitate van der Waals (dispersion) interactions with HOC molecules.
135 Furthermore, the aromatic moieties of DOM can induce additional p-p coupling/stacking interactions with the p-p electron-bearing HOCs (such as PAHs). Instead, the aliphatic content of DOM was suggested to play a more important role in sorption of apolar HOCs. Additionally, the sorption affinity of apolar HOCs was oen found to be inversely proportional to the polarity of DOM, suggesting the dominant role of hydrophobic partition. Regarding the sorption of polar organic pollutants, the presence of HA may have different effects as compared to HOCs due to that the two types of organic pollutants have different sorption mechanisms.
136,137 Guo et al. 138 studied that DOM impact on polar organic pollutants would be more pronounced at low DOM concentration values due to competition of DOM and polar O-containing pollutants for mineral surface sites. The process may be less signicant at higher DOM concentration values because mineral surfaces become less selective towards oxygenated components. Therefore, non-polar OCs are more susceptible to approach lowpolarity CDOM, while strongly polar OCs have stronger bonds with polar aromatic CDOM. 139 When the hydrophobic component is dominant, CDOM may promote desorption of non-polar OCs from farmland soils. Also in hydrophobic microenvironment CDOM may increase the adsorption of non-polar OCs, while the hydrophilic components may accelerate the release of soil particle surface polar OCs.
140
In the DOM-soil-OCs complex systems, the conformation of DOM is affected by its chemical and structural properties (e.g., aromaticity/aliphaticity, polarity, and molecular weight) as well as solution chemistry conditions such as pH. 141 Low pH and high cationic intensity will reduce the repulsion between DOM molecules or molecules, promote the agglomeration of DOM molecules and change the hydrophobic nature of the system, but this effect is not monotonous. 82, 142, 143 DOM particles contain abundant carboxyl and phenolic groups, which induce strong electrostatic repulsion when deprotonated at high pH, consequently leading to expanded, loose molecular conguration. On the other hand, at low pH the facilitated protonation of the oxygen-containing functional groups would reduce the electrostatic repulsion, and hence result in more compact DOM molecules with smaller apparent particle sizes. Similar observations on deceased particle sizes of DOM and other polyelectrolytes in response to pH decreases were reported in previous studies. 144 As a result, the binding affinity of phenanthrene to DOM increased with decreasing pH due to the facilitated formation of compact pesudomicellar structures. A change in pH and ionic strength will greatly affect the interactions of DOM and polar or ionizable organic compounds. The presence of cations can increase the hydrophobic microenvironment of the CDOM molecules and enhance the complexation ability of non-polar OCs. 147 A further increase in cations will make CDOM the number of cross-linked molecules increase, the structural tightening and hydrophobic microenvironment decrease and reduce the adsorption of non-polar OCs in soil as shown in Fig. 2(c) . In addition, cations can also form complexes with certain OCs, such as amino groups in sulfamethoxazole; sulfonic acid oxygen and other groups are cationic complexation of the active site, and thereby change the existence of OCs and its behavior. 148, 149 Therefore, the extent and direction of inuence of CDOM on the environmental behavior of OCs depends on its own properties, characteristics, and media conditions of interaction.
Effect of CDOM on solubility, transportation and degradation of OCs
CDOM can affect the mobility and solubility of soil pollutants. Kim et al., octanol-water partition coefficients (K ow ), water solubility, and dissolved humic matter (DHM)-water partition coefficients (K oc ) for 95 organic compounds were referred for estimating leachability of dioxins in the presence of DHM. The K oc and K ow values of dioxins were depended on chlorine content substituted. DHM in leachate inuences on the solubility of dioxins, and thus the actual solubility or leachability of dioxins increase extraordinarily as increasing DHM and chlorine content. It means that dioxins abundant wastes (y ash) should not be codisposed with organic abundant wastes (sewage sludge, food waste or bottom ash, etc.) to minimize the leachability of dioxins. Moreover, the presence of DOM reduces the harm of dioxins to soil. 150 CDOM plays an important role in the transport of organic pollutants in soil. Wu et al. 151 investigated the mechanism of DOM on adsorption behavior of PAEs in two different soil types. DBP (dibutyl phthalate) was used as a model compound due to its high toxicity and common PAEs contaminant in soils. To understand the inuence of DBP adsorption kinetics and isotherms in soils under different concentrations of DOM, batch experiments were performed in combination with characterization using fourier transform infrared spectroscopy (FTIR) and nuclear magnetic resonance (NMR). The results examined the effect of DOM on adsorption of DBP in soils was related to the concentrations of DOM and soil type. 151 The addition of DOM at low concentrations better enhanced the effect than at high concentrations. This pattern was more dominant in the red soil and less so in the black soil. The adsorption of DBP in soils was dominated by physical adsorption irrespective of DOM hydrophobic partition played a dominant role in DBP adsorption in soils, regardless of the presence of DOM. Addition of DOM promoted adsorption of DBP in soils mainly through partition. The adsorption mechanism of DBP in the two soil types was affected by addition of DOM differently. 152 The intra-molecular and intermolecular hydrogen bond interactions of aromatic CC and CO in amides were involved in DBP adsorption in red soil. Therefore, DOM played a vital role in effecting transport of DBP in soils.
153
It can be seen that the environmental geochemical behavior of OC is controlled to a certain extent by CDOM in farmland soils. Meanwhile it is considered that the environmental behavior of OCs in soils should be studied, not only to consider the adsorption of OCs on soils, but also because it is necessary to pay attention to the effects of CDOM and decay processes on OCs migration under conservation tillage. So it is an unavoidable problem for the appropriate environmental risk assessment and quality control of farmland ecosystems.
Future outlook
CDOM plays an important role in global carbon cycling and contaminant transport. The following future outlook can be drawn on the basis of the summary:
(1) CDOM can be divided into two main types: humic substances and non-humic substances. Most studies of CDOMOCs based on the results of humic acid. However, research on the nature of CDOM is far from complete and the mechanisms of interactions between CDOM and OCs needs further study.
(2) Due to the structure of DOM is extremely complex, the information and structural properties that each analytical technique can respond to are different. Therefore, future studies are worth being undertaken to explore how this can be combined with a variety of advanced techniques further. This may result in more information for layer molecular structure of CDOM in soil.
(3) CDOM can directly or indirectly interactions with OCs by a series of reactions such as ion-exchange, adsorption-desorption, and complexation reactions in soil. The development of the environmental behavior of CDOM can gain more reasonable access to the characteristics of CDOM for control agro contaminants' pollution on soils and environmental restoration. Such investigations may be helpful for further studies aimed at risk assessment of OCs associated with application of CDOM to soils.
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